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Abstract 

The results obtained in Mainz in 1982 year were check up. The analysis of data from 
this work was made at momentum transfer range q = 0.25 0.75 fm~^ using the model 
independent form factor (the expansion of form factor in a power series of q^) and the form 
factor corresponding to the distribution of charge density in the shell model framework. 
We found a 3% systematical overestimation in Mainz data. 
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1 Introduction 

The results of electronuclear experiments are usually reduced to absolute values by means 
of their normalization using especially precise (master) data from elastic electron scattering. 
These data are obtained from elastic electron scattering with ^^C or nuclei, and, sometimes, 
with ^He nucleus. During the experiment for the purpose of normalization in addition to 
measurements with the nucleus under study we also measure elastic electron scattering cross 
sections of one of the nuclei, for which we possess reference data. The obtained cross sections 
are reduced to the nucleus ground state form factor values Fei{qi). Using the found values 
FeiiQi) we calculate the normalization factor 

where Fgi olqi) is the reference form factor; qi is the momentum transferred to the nucleus. 

The importance of the reference form factor precision in the processing of experimental data 
was shown in work [T] performed in Darmstadt. Earlier the rms radii for ^He to ^''^Bi nuclei (24 
nuclei in all), normalized to measurements with ^^C nucleus from [21 E], were obtained in this 
laboratory. In view of uncertainties about the precision of data from [21 [3] new measurements 
of elastic electron scattering cross section of ^^C nucleus were carried out in Darmstadt. Using 
this result the renormalization for all available data was performed and the revised values of 
charge radii were obtained. 
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The latest and, obviously, the most precise work on elastic electron scattering with ^^C 
nucleus was carried out in Mainz lab [1]. These data were used in the processing of our 
measurements results. However, a question about the probability of a systematical error in ^^C 
nucleus data from ref. [1] has arisen. The present paper is dedicated to the study of the above 
mentioned problem. 



2 Data analysis 

In Mainz lab the elastic electron scattering cross section measurements of ^^C nucleus 
were carried out at g = 0.25 2.75 fm~^. However, the measurements, which the authors of 
this work consider absolute, were made at g = 0.25 -i- 0.75 fm~^ (the rest of the measurement 
results were relative and standardized to these data). Below we shall only analyze data from 
the momentum transfer range q < 0.75/m~^. 

The data table of electron initial energies Eq, scattering angles 9 and elastic electron scat- 
tering cross sections da/dfl measured on ^^C nucleus can be found in ref. 0]. To use the results 
of this work for the normalization procedure, it is necessary to find the squared form factor of 
nucleus ground state F^iQ^qi) at different momenta transfer gj. For this purpose: 

(a) let us transform Eq, 9 and da/dQ values to the corresponding values of ^{qi) and g^; 

(b) let us select the analytical function F^f^{q), which will approximate the obtained F^^Q^qi) 

in the momentum transfer range we are interested in. This is necessary to avoid mea- 
suring the form factors Fei at the same g, value as reference form factors Feifl{qi) during 
normalization using eq. (1). 

Let us transform the Eq, 9 and da/dVL values to the values of F^i^lqi) and g^, using well- 
known formulas 

2 da/dn 

^ei.o = ) i^J 
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where 
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2EoJ r]-sin^{9/2) 

is the scattering cross section on the nucleus with the charge number Z, e is the electron charge; 

2Eosin^(9/2) 

is the kinematical correction, M is the nucleus mass; 



2 ^/STS- < r2 >i/2 .Eq 

is the correction, which takes into account the influence of the nucleus Coulomb field on the 
incoming electron, < > is the mean-square radius. Note that the formulas shown here are 
from ref. 

For approximation of the obtained values F^^Q^qi) we use simple presentations of nucleus 
ground state form factor Flf^{q). As known, some of these presentations describe the data at 
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small momenta transfer [5] well enough and allow to obtain the values of the rms radius with 
fairly good precision. Such is the expansion of form factor in a power series of g^, which is 

Fl{q) = l-\-a-q^ + ^-h-q'-... , (4) 

as well as the form factor of the nucleus ground state corresponding to the distribution of charge 
density in the shell model framework. For ^^C nucleus this form factor can be expressed as 
follows [6] 

Fl(,)-U-''^\-e.J-'^\. (5) 



9 , 

Here a, 6, c and d are parameters of fitting related to the mean square radius: in the case of the 
form factor expansion in a power series of (eq. (4)) < >= a, and for the form factor with 
the distribution of charge density in the shell model framework (eq. (5)) < >= + 
Note that using of the eq. (4) shows that the first three terms of the series are enough for the 
approximation of the experimental form factors in studied range of q. 

By definition Ymiq^Q F'^i{q) = 1. This approach was used in some of the first ee'-scattering 
works and in works with especially difficult conditions of measurements (for instance, the 
measurements of electron scattering on nuclei implanted in titanium base fTj)- Thus, a 
variable multiplier k was introduced in analytic presentation of form factor which is fit to 
elastic electron scattering data. The k value which was obtained as a result of the fitting is 
precisely the normalization factor for absolutization of measured data. Using this experience, 
we shall write the expression for the fitting function as 

F\q) = k.FUq). (6) 

If there is no systematic deviation in the data under study, it is possible to assume the variable 
factor k = 1.0. Also, it is possible to leave the k factor as a variable parameter, however in this 
case we have to obtain its value close to 1.0 within the limits of the parameter errors. 

The example of fitting eq. (4) to Mainz data with and without eq. (6) is shown in fig. 1. 
The statistical precision of the data is 0.45% 0.49% therefore the errors boundaries aren't 
visible in the figure. The results of fitting the equations (4, 5, 6) to these data are shown in 
table m 

Since the value of the parameter k appeared to be different from 1.0 approximately by 10 
standard deviations, it is necessary to check whether the obtained result is dependent on the 
analysis conditions chosen. There are 16 experimental points in the examined momentum trans- 
fer range, and among them there are two points for each of g = 0.25; 0.35; 0.45; 0.55; 0.74 /m~^. 

To verify whether the dependence of the obtained result on the selection of fitting range 
is possible, we made a number of fittings: 1 - all 16 points at g = 0.25 -v- 0.75 fm~^] 2-13 
points at g = 0.35 -r- 0.75 fm~^] 5-8 points at g = 0.25 -r- 0.45 fm~^ and points at 

g = 0.50 ^ 0.75 fm"^. The results of this analysis are shown in fig. 2. 



Table 1: The result of fittings 





k*' 


< r'^ >i/^ 




k 


< >i/^ 


'X.i 


power series in g^ 


1.0 


3.07 ±0.05 


962.0 


1.026 ±0.003 


2.42 ±0.01 


0.71 


shell model 


1.0 


2.33 ±0.03 


5.0 


1.029 ±0.003 


2.45 ± 0.05 


0.75 



*) The analysis with fixed value k = 1.0 is shown in the left part of the table. 
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Figure 1: The squared form factor of ^^C nucleus ground state. The closed circles are the values 
obtained from the data of ref. solid line is the fitting of eq. (4) with variable parameter k 
to these data; dashed line is the same fitting with the fixed k = 1.0. 

3 Discussion and Conclusion 

First of all, it is necessary to note that in the case of the fitting with the fixed value k = 1.0 
we obtained the improper xl {x^ psr degree of freedom), while in the case of the fitting with 
variable parameter k, xf ~ 0.7 (see table [I]). As to the obtained values < >^/^, within the 
limits of errors the identical values of this magnitude were found for two different presentations 
of form factor (eq. (4) and eq. (5)) and variable k. The values < >^/^ obtained in this 
case are close to 2.456 - the value of the rms radius of ^^C nucleus (this value is the weighted 
mean of the results from a series of works [H [8]). In case k being fixed, there is considerable 
discrepancy in the values of < >^/^. 

Figure 2 shows that the values of variable multiplier k and < >^/^ which is obtained in 
this case within the limits of its errors does not depend on the selection of the fitting range. 
Thus, we can consider the existence of a systematical overestimation in the data of ref. [1] to be 
found. The value of obtained overestimation equals 2.6% -v- 2.9%, while the systematical error 
declared in this work is 0.4%. 

This conclusion should be taken into account using the data of work [4j as master data. 
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Figure 2: The results of the fittings of eq. (6) with using eq. (4) (open circles) and with using 
eq. (5) (close circles) to the different ranges of data. The horizontal scale the represents numbers 
of the fitting variants (see text), a) k is the normalization factor; b) < >^/^ is the rms radius. 
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